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PRINCIPLES OF RADIATION AND CONTAMINATION CONTROL 


(PORACC) 


This series of three volumes on the control of radiation and 
radioactive contamination originated in a field manual developed for the 
naval participants in nuclear weapons tests at the Pacific Proving 
Grounds. Thinking that it might be more widely useful, it has been re- 
vised somewhat and divided according to ''need to know'"' of the potential 
readers. The subject matteris presented more completely as the reader 
progresses from one volume to the next. The scientific foundation, 

i. e., the nuclear physics and radiobiology, are developed only to the 
extent needed in facing the practical problems. 

The scope of the three volumes is primarily limited to non-wartime 
situations, although some of the material would, of course, be applicable 
to wartime use. For guidance under tactical situations, the reader is 
referred to such publications as Bureau of Ships Manual, Chapter 90, 
Nuclear Protection, the Radiological Recovery Manual TP-PL-13 and 
other similar publications. 

Volume 1 is for persons working where there is radiation or 
using radioactive materials. It contains a general introduction to the 
physics of radiation and the biological effects that make it dangerous 
to health, together with techniques for measuring radiation and min- 
imizing the chances that it will injure anyone. It should by itself meet 
the essential requirements of many persons. 

Volume 11 is for those with special responsibility in regard to 
radiation, especially radiological monitors. It develops in more detail 
the fundamentals given in Volume l. 

Volume 111 contains data needed to conduct training courses for 
which Volume I1 might serve as a textbook. It should be referred to 
when what is given in Volume 1 or even in Volume I1 seems insufficient. 
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VOLUME 1 
RADSAFE FOR EVERYBODY 


Preface 


This volume is designed to provide the knowledge about the 
dangers of radiation and their avoidance that every person ought to 
have for his own safety. Nuclear physics and biology are set forth 
sufficiently to show the scientific foundation for the required technology 
(called Health Physics) and the medical aspects (Radiation Hygiene). 
The necessary instruments and procedures are described for detecting 
radiation and estimating the degree of hazard. Methods are outlined 
for handling radioactive materials safely and for decontamination of 
personnel and equipment. 


Volume 1 could serve as a training primer ina general rad- 
safe indoctrination course for all Naval and Shipyard personnel. It is 
designed to provide a basis for a better understanding of radiological 
safety regulations and rules that underlie radiation hygiene. Itis 
helpful to the primary user of this material to be supervised in radio- 
logical health matters by the Health Physicist or other persons with 
advanced training. 
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Look more carefully. 
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AEROSOL SAMPLING... 


Collection and measurement of samples. 


WATER MONITORING... 


Collection of samples. 
of activities. 


PERSONNEL MONITORING 


Identification and measurement 


For contamination of clothes and skin. 


FALLOUT MONITORING... .. 


Continuous and spot sampling. 


RADIOLOGICAL SITUATIONS ...... oS. ae Bick en BL Be we 


According to dominant hazard. 


SUMMARY......... 


Test yourself for knowledge gained. 
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SIGNIFICANCE OF ATOMIC ENERGY 
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. Are these simply scientific terms, terms which have 
meaning to scientists only? Notany longer. These terms and 
others similar to them were once associated only with nuclear 
science, but more and more they are being accented in our every- 
day conversation and living. 


Just what do these terms really mean from the viewpoint 
of the average civilian or the man in uniform? What does he need 
to know in the growing field of nuclear physics and nuclear engi- 
neering? What more must he know to function efficiently as a 
radiological monitor? 


This manual has been designed to be practical, inform- 
ative, and useful, to help fit that ''average" civilian or man in 
uniform into his all-important role as a citizen of the atomic age. 


Man lives in a world of phantom energies. Fear and igno- 
rance go hand in hand. Knowledge and a logical approach will 
dispel fear. 


Radiation is a type of energy. Many kinds of radiation 
travel through materials and surrounding space, UNSEEN, UN- 
HEARD, UNFELT, without TASTE or SMELL.... UNDETECTED 
by the five senses of man. 


WHERE do such radiations originate? HOW do they affect 
him? WHAT can be done to detect them and live with them in 
SAFETY? 
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"ELECTRONS, which are negatively charge 
Reo partigles.” The weight of an electron 28 an) 
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By cementing PROTONS and 
NEUTRONS together with binding 
energy, we get an ATOMIC 
NUCLEUS. 


ett, 


Oa The NUCLEUS has to have a certain 
Pen 2 6) — i, balance of neutrons and protons to 
oe : +. “» make it STABLE, Otherwise the 
“a : binding energy can't hold them. 
Sooner or later such an UNSTABLE 
NUCLEUS will DECAY spontaneously. 


The ATOM is finished by adding ORBITAL ELECTRONS to equal 
the number of protons in the nucleus. Each negative electron 
neutralizes the positive charge on one proton, so that the whole 
atom is electrically neutral. 


Compared to the electron orbits, the NUCLEUS is amazingly 
small - about like a fly in the middle of a football stadium. It's 
heavy though, for it accounts for almost all the weight of the atom. 
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The eedsauion j is: made ot i PARTICLES. “Nowasaya:e even genie 
Tavs: and x rays. are called particles. even though they: have a 
weight, When particles are going fast, they are called. RAYS. 
LIGHT, X RAYS and: GAMMA RAYS. are ail: called PHOTONS. * 
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ALPHA PARTICLES are. the same as Selle poste. (twa pro~ ? 
‘tons and two neutrons). ‘They are emitted from the nuclei of... 
¥ two. positive 





BETA PARTICLES: are wmegaiiee: electrons emitted Seaie the 
nuclei of some radioactive elements. Because: ‘they 2 are. 


light, they. have ta travel fast to: carry: much energy: AEs ase “uae a 
Because they carry. an electric charge, they are scattered ns ee 


and Stopped fairly easily. Except for the ones with: high =< 
‘speed, ordinary clothing ‘will. weually do the job, The Greek, 
| fetter pele A e ABS Eee) as DAES ACEE the beta particle, zu nee | 








GAMMA. RAYS ¢ are: avaatble: binidtee BE! ene rey emitted from the: Reem 
nuclei of certain radioactive elements. They differ from” aS 
Tight. and radio waves an: having enormously higher vibration — ENO CS ESE 
" frequency (short: Wave Jength), VTheir energy increases: BS: 


othe wave: length becomes shorte’ vt. They are very penetrating. 





= ec “That is why: it may ‘take: ‘such heavy shielding fo give pro=: 
tection - inches of lead, iron or’ concrete, of several feet 
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of earth or Water. Of course, the farther awe you are: Teor: 
the: source, the. fewer ‘gamma ‘rays. reach you, x RAYS are. Oo Re 
the Same as gamma rays except they come Seong outside. the. a ee 
nucleus. The Greek. SEHEX: Soma 7 3S used | to ‘represent soa 
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s the atoms decay to xenon-131. After 16: days, only 1/4 0x °250, 000. 


atoms: are: Teft, j 





‘After. 80. ge only Q.:L) percent (leas than’ L000. 
a inally We get down to. the: tast couple of atoms: 








+ 


WEIGHT vs CURIE 


The CURIE is that amount of radioactive material. that disintegrates 

at the rate of 37 billion atoms per second. The longer the half-life 
(Ty), the more atoms it takes to provide a given amount of activity 
(because every disintegration transmutes an atom) and the longer the 
supply will last. Therefore, the half-life is a good measure of the rate 
of decay. The greater the chance of the atoms disintegrating (shorter 
Ty), the smaller the number of atoms required to produce a given 
amount of activity. 


A POUND is a pound no matter what it looks like. 
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A CURIE must contain enough atoms to provide 
37 billion atomic disintegrations per second 


examples: 


ONE CURIE La-140 ONE CURIE Ra-226 ONE CURIE U-238 
(Ty ABOUT 2 DAYS) (Ty ABOUT 1600 YEARS) 





0.0000000006 ounce 0.04 ounce 3 tons 
(1.8 micrograms) (1 gram) (2,980 kilograms) 
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MEV 
(KINETIC ENERGY ) 


THE ROCKET THE BETA PARTICLE 
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Energy measured in 


Energy measured in 
ELECTRON VOLTS 


FOOT POUNDS 


As the energy of the rocket is measured in foot pounds, the 
kinetic energy of the beta particle (and other ionizing radiations) is 


measured in electron volts (ev) or in millions of electron volts (Mev). 


17 





IONIZATION 


If a normal,electrically-balanced atom loses or gains an 
orbital electron, it is then said to be ionized. [Ionization can 
occur easily since orbital electrons are quite far away from their 
nucleus. For example, radiations travel through matter, stripping 
away orbital electrons from the atom. The atom is left witha 
positive charge. It has become a positive ion. The stripped-off 
free electron hitches on to a convenient atom, making a negative 
ion. Thus ions are formed in pairs (1 positive and 1 negative) and 
go on about their business until they meet an opposite charge and 
become electrically neutral atoms. Nuclear radiations always pro- 
duce ionization and are therefore called IONIZING RADIATIONS. 
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3 JONIZING RADIATION : - a a ee Se aS “ 


ae eatibectve materiale: emit ionizing eadicHece ‘Some: adie vas 

> “active materials ‘emit a mixture of radiations while other s emit | 
~ enly-one. type.” “The: intensity of ionizing: Tadiations: depends upon. 
‘both. the amount of tadioactive material’ and. its: half-life.” Devices: 

! “sack: ae Raray machines, ‘particle accelerators, and: nuclear re-- ao e ; 
actors) ere all sources of intense ionizing radiations. ‘Radioactive _ 


EAE dsotope Si fallout from. nuclear detonations and cosmic. Baye are also. 
FESS sources: x Of radiation Suereye: 
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Saaet aoe eae cosmic. Croaiation i oe 6: even: a Samad amount 
“of radioactive. raatter in: his. body. -To this: natural radiation’ wee 
sare now adding | radiation from: machines, artifically produced _ 
radioactive materials, nuclear device: Sy and. fission. products. ase 
from nuclear weapons. We must control ‘the: amount of radiation. 
absorbed: ‘by tnan to limit harraful effects, | This control. garncbe | 
"-aecomplished by application of radiological safety senses 
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oy rays: ‘and gamma rays. The absorbed ‘dds - in tissie is 93. ergs 
per gram from exposure to! r, This amount of absorbed dose. 
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| Caren. study and re search have: éstablished limits: or saath: factors 
for the amount of radiation that the human: 2b aay: shoald receive, ! 





THE PERMISSIBLE DOSE OF RADIATION IS 0. 3 REM/WEEK | 
FROM EXTERNAL AND INTERNAL SOURCES TOGETHER. 
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pee ee ” ° pA <s ss 


The ‘Masievacn Peemiasinic Exposure (MPE) of ionizing eetiaene: 
and the Maximum Permissible Concentration (MPC) of radioactive 
isotopes are based on the premise that 0.3 REM PER WEEK will. 


not t produce ony effects that ey will become aware Of z a - 


If there ipa. chance of getting more than 0. 05 rem ina week (1/6 — 








of the MPE), the exposure must be kept track of. (See Film Ss 


Badges, p.. 29). Normally, the total dose during any one year 

_ should not exceed fF rem. However, in certain cases, the yearly 
dose may total 12 rem “provided that no more than 3 rem is re- 
2 ‘ceived in any quarter. In any event, the individual's total life- 


time maximum permissible dose (MPD) is limited to (N-18) x 5 rem, : 


N being the individual's age. It is pre sumed that no one will nee 
working where CHETE isa | radiation hazard before the age of 18. 
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Man is being continuously bombarded by 
radiation. Most of this, such as light, 
radio or TV, is harmless. Much of it, 

like X ray, gamma or neutron radiation, 
can be damaging. It is possible, however, 
to control artificially produced radiation 
andto convert it to both peaceful, constructive 
use or to wartime destructive use. 


Radiation can be harmful, therefore it is imperative for man to know 
how to protect himself against excessive exposure to radiation. 


JUST REMEMBER YOU CAN'T SEE 'EM 
FEEL 'EM 
HEAR 'EM 
SMELL 'EM 
TASTE 'EM 


oa 


‘\ 


BUT... You can detect them with 
radiation-me asuring instruments. 
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RADIOLOGICAL SAFETY - the techniques for safe work in and 
around radiation zones and contaminated areas. 


Ionizing radiations produced by radioactive materials or machines 
are now part of everyday technology and of everyday living. 


Radiation can be dangerous if used improperly. For proper use, 
radiological safety procedures must be followed. 


Familiarity with the chemical and physical properties of radio- 
active materials and ionizing radiations is basic to determining 
the proper safety measures to be employed. 


RADIOLOGICAL SAFETY IS NOT AN END IN ITSELF; ITISA 
METHOD OF SAFELY ACCOMPLISHING WORK IN OR AROUND 
CONTAMINATED AREAS AND RADIATION ZONES, Prime 
necessities for radiological safety are TRAINING and extensive 
PLANNING. Common sense and experience should dictate the 
radiological safety procedures called for in any situation involv- 
ing radiation. 


Radiological safety must be an integral part of all phases of any 
operation,whether it be the experimental laboratory, the produc- 
tion facility, the nuclear reactor, the weapon test, or nuclear 
warfare. 


Emphasis must again be placed on the fact that radioactive 
materials and ionizing radiations are dangerous if used improp- 
erly. Study of the chemical and physical properties of radio- 
active materials and knowledge of their ionizing radiations,when 
added to common sense and experience in handling,will dictate 
the radiological safety procedures necessary. 


Planning the safety program involves not only personnel actively 
engaged in the immediate operation, but also involves those who 
will inhabit the area in the future. Thus, radiological safety 
must always be emphasized,for many of its aspects will extend 
far beyond the scope of the immediate operation. 
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INTERNAL CONTAMINATION CONTROL 


When the source of ionizing radiation is located inside the body, 

the best you can do is to try and get it out again. This is usually 
not very successful. The best PROTECTION is not to let it get 
inside in the first place. 


The factors of distance, time and shielding have a slightly dif- 
ferent application in internal dosage control, When working ina 
contaminated area, man must always protect himself from 
INHALATION, INGESTION, and ABSORPTION of radioactive material. 


Hold your breath and get out,or 
wear a gas mask,when radio- 
active material gets loose. 


Don't Eat. Don't Drink. Don't 
Smoke. Don't Primp --- where 
radioactive material is unconfined. 





Wear gloves and cover cuts when 
handling radioactive material or 
contaminated equipment. 
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DOSE AND DOSE RATE ESTIMATES 


The following guidelines show the relationship between 
the amount of radioactive material, the resulting exposure dose 
rate, and stay time. 


ACCEPTABLE DOSE 


STAY TIME STAY TIME = DOSE RATE 


EXPOSURE DOSE RATE from a POINT SOURCE 


It just happens that hard gamma rays coming from Il curie 
of a radioactive isotope give about 


6 r/hr at 1 foot 
The practical formula is: D] = 6CE 


where, Dy, is the dose rate at 1 ft from the source. 


The famous INVERSE SQUARE LAW 
twice as far, 
1/4 the dose rate 


3 times as far, 
1/9 the dose rate 


10 times as far, 
1/100 the dose rate 





ce. Gh 
D.= =z * D] 


Put it all together: 


D.==3xCxEx6r/hr 


D,. is the dose rate in r/hr at a distance from a point source 


r* is the square of the distance from the source (in feet! [) 


C is the curie strength of the source (the curie is that amount 
of radioactive material that disintegrates at a rate of 3.7 x 1019 a/sec) 


E is the energy of the gamma radiation in Mev (million 
electron volts). 
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RULES OF THUMSB 


The following simple rules are used to estimate radia- 
tion dose and dose rates from fisson products of a bomb. 


Double the time since detonation, dose rate is down to 
1/2. Say it another way: the apparent half-life is about 
equal to the age. 


At seven times the present age, the radiation level will 
be 1/10 the present dose rate. From age 1 day to age 
7 days, the dose rate falls to 1/10; at age 49 days it 
falls to 1/100. 


For short time exposure (less than one apparent half- 
life), assume dose rate constant. 


Gamma dose to infinite time equals 5 x r/hr at present 
x hours since detonation...or 5IT, 


Dose accumulated in one apparent half-life equals one- 
tenth of 5IT. 
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WORK WITHIN THE WEEKLY MPE AND MPC 


0.3 rem/wk of ionizing radiation does not produce any effect that 
a person will become aware of. This 0.3 rem/wk is the max- 
imum permissible limit (MPL) of the SUM OF EXTERNAL RAD- 
IATION EXPOSURE AND INTERNAL BODY CONTAMINATION. 


EXAMPLE: 
External Exposure 0.2 rem 
Internal Body Contamination 0.1 rem 


Total Dose 0.3 rem 


WORK WITHIN THE LIFETIME MAXIMUM PERMISSIBLE DOSE (MPD) 
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It is imperative to observe the lifetime permissible dose. Even 
though a person steps over the 0.3 rem/wk sometimes, the total 
accumulation (MPL) in any calendar year shall not exceed 12 rem, 
with the further limitation that the person's total lifetime dose 
(MPD) must not exceed (N-18)x5 rem. (N is the individual's age, 
and greater than 18.) 


Maximum Permissible Dose (MPD) equals (N-18)x5 rem 


Ye Aaw 24_IN 1954 


DOSE PREVIOUS DOSE IN REMS 
TO 1954 IS 3 tenn 1954 1955 1956 1957 


MPD 
Total Accumulated Dose 


Reserve (MPD-Acc. Dose) 


Yearly Dos: ——_—_ 
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RADIOLOGICAL SAFETY WORK PRACTICES TO BE OBSERVED 


KEEP CLEAN AND NEAT: Practice good house- 

keeping and good personal hygiene. 

MINIMIZE EXPOSURE: Be sure of personal 
dosage record--keep an up-to-date account. 
WEAR PERSONNEL DOSIMETERS: Remember, 
man can't feel, see or hear radiation--but the 
dosimeter can. - 


WHEN WORKING IN A RADIATION ZONE: 


Plan the job in advance. Doa dry run. 

Monitor the job area; measure the radiation level. 
Define the area which is prohibited to unauthorized 
personnel. 


Control exposure time. If exposures approach 
MPL, rotate personnel. 


WHEN WORKING IN A CONTAMINATED ZONE: 


Plan the job in advance. 

Monitor the airborne contamination. 

Measure the radiation intensity and set up zone 
control. 

Prohibit the contamination area to unauthorized 
personnel. 

Allow no eating, smoking or drinking in the con- 
taminated area except under controlled conditions. 
Wear adequate protective clothing. 

Control the further spread of the contamination. 


THE RADIOLOGICAL SAFETY MONITOR MUST ALWAYS KNOW: 


What types of radiation are present. 

What the intensity of the radiation is. 

What the relative hazard of each type of radiation is. 
What the ''stay time" is. 

What the contamination problem is. 

What internal contamination problem the removable 
contamination will create. 

What industrial nuisance the removable contamination 
will create. 

What aerosol (airborne) contamination may exist or 
present a problem. 

What controls must be dictated to protect personnel. 
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RADIATION MONITORING 


a necessary function in the assessment of any radiological situation 






~~ 





WOO" 
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Radiation monitoring is a systematic method for determining the 
mature, the extent, and the magnitude of radiation and contamination 
hazards, using RADIACS, the tools of the MONITOR. 





<q RADIATION MONITORING REQUIRES THE MONITOR TO KNOW 





> The types of radiation and/or contamination. 


The radiation exposure rate and the amount of contamination (fixed 
or removable). 


The form and concentration of the radioactive material -- solid, 
liguid or aerosol. 


The monitor must assess the radiological situation in order to 
establish what is necessary for decontamination and dosage control. 
This control is accomplished by: 


Limitation of stay-time in the radiation area. Occasionally 
putting up shields or using remote handling devices. 





Removing the contamination or immobilizing it. Using pro- 
tective clothing and, if necessary, controlled atmospheres. 
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THE MONITOR MUST ALWAYS RECORD 


Oo The object or area monitored 


Its exact location (with reference 
to some fixed point) 


The types and intensities of radiation 
and/or contamination 


The distance of the radiac from 
the object and area monitored 


The time and date of measurement 


o0o0 86 8 9 


The identification of the monitor. 





MONITORING EQUIPMENT 


RADIACS (Radiation Detection Instruments) 


y RADIACS| BY RADIACS o RADIACS | AEROSOL SAMPLER 
AN/PDR-27|Eberline E112B| AN/PDR-10 
AN/PDR-18 Eberline PAC -3G 


DOSIMETERS - Film badges, pocket ionization chambers (self-indicating). 
RECORDS - Monitoring forms, maps or charts. 
WALKIE-TALKIE - Or other communication equipment. 
MARKERS - Radiation signs or tags; grease pencil or chalk, 
ACCESSORIES - Protective clothing, watch, transportation. 

















"Staplex"' 
or other 
Spot air sampler 
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MONITORING PROCEDURES 


The GROSS MONITORING SURVEY is made to give an "order 
of magnitude" estimate of the radiological situation and the 
DE TAILED MONITORING SURVEY is made to evaluate the 
"complete" radiological situation. 


BASIC MEASUREMENT TECHNIQUE 


Monitoring survey measurements must be standardized to 
permit proper evaluation of the radiological situation. The three 
basic monitoring techniques are: 


The Waist-High Measurement 


to evaluate the general or 
average gamma radiation 
intensity. 


The Near Contact Measurement 
to evaluate the surface gamma 
and/or beta radiation intensity. 
Alpha monitoring must be done 
by near-contact measurements. 


Wipe Surve 
to evaluate the amount of 
removable contamination. 
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THE ABRIAL SURVEY 


\ Another method for quickly condicting a gross 
moritering survey 1s accomplished by the use Bt 
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DETAILED MONITORING SURVEY 


Detailed Monitoring Surveys are performed to afford accurate and 
detailed evaluation of the complete radiological situation. The 
monitor carefully measures the radiation intensities, contamina- 
tion levels, and aerosol hazard. The waist-high, the near-con- 
tact, and the wipe-survey techniques are used to assess the ex- 
ternal radiation and the internal contamination hazards. 


GAMMA MONITORING SURVEY 


a. Select the proper radiac that will measure the existing radiation 
intensities, 


b. Check and turn the radiac on before entering the radiation field. 


c. Monitor the general or average gamma level. 


d. Locate "hot spot'' areas where the radiation intensity is greater 
than 10 times the average, 


e. Report or record gamma levels to the nearest radiac-scale 
reading. Radiacs are nominally accurate to t 20 percent, 
so don't waste time trying to read to three significant figures. 


BETA MONITORING SURVEY 


a. Select the proper radiac to measure the existing intensities. 





b. Check and turn the radiac on before entering the radiation field. 


c. The BETA RADIATION is measured by (1) monitoring the 
mixed-radiation field with the beta shield open (By measure- 
ment); (2) monitoring the mixed-radiation field with the beta 
shield closed ( yonly measurement); then subtracting the y 
reading from the By reading. 


d. Monitor the average radiation level. Locate any hot spots. Be 
sure to measure the # intensity in areas or on equipment where 
surface contact work will be performed. 


e. Report or record readings to the nearest radiac scale reading, to 
two significant figures, 
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ALPHA MONITORING SURVEY Y 


Select the proper radiac necessary to measure the existing 
intensities. Consideration should also be given to the 
presence of beta radiation. 


Check and turn the radiac on before entering the contamination 
area, Always use earphones when monitoring for low intensities. 


Monitor with the radiac probe about 1/4 inch from the surfaces. 
Be careful not to contaminate the probe. 


Monitor all surfaces with which personnel may come in contact. 
Report or record readings to the nearest scale reading. The 


unit for alpha monitoring will usually be c/m per unit area 
or c/m per probe area. 


NEUTRON AND HIGH-ENERGY RADIATION MONITORING 
yhw8sn 


Neutron and high-energy radiation monitoring is a complicated 
procedure and will depend upon the monitoring equipment 
available. Monitoring procedure for these types of surveys will 
depend upon the specific instruments used. 


MONITORING REMOVABLE CONTAMINATION 


Using an absorbent paper (hand towels, toilet tissue, chemical 
filter paper, etc.). 


Wipe the surface of the object,using moderate pressure, over 
an area of 12 square inches. 


Measure the amount of contamination on the wipe. Use OPEN 
WINDOW measurements for maximum sensitivity. 
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WATER MONITORING 


WATER MONITORING consists of: 


a. Collecting a representative volume of water (100 to 1000 cc). 
(Be sure sample bottle is clean! !) 


b. Measuring the radioactivity of the sample. 


c. Calculating the amount of radioactive material per unit volume 
of water. 


NOTE: Food monitoring follows similar procedures. 
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_ PERSONNEL MONITORING to detect body contamination consists of: 


Bo é6 SS 


ay Selection of proper instru- 
ments, (beta shield OPER for 
maximum penestiy ity is: 3 


Bit. ‘Complete ak thorough: search 
cof all surfaces; ‘carefully = 52s 
covering those parts of the 
Oey and clothing most suscept= — | 
ible to contamination - - hands, ~ 
PRES ‘fac. ey shoes, sleeves, trousers, 
etc, (Ear phones are very help- 
ful and are a must when monitor~ yi 
ing for a contamination.) 


+h 


Uge: of : a systematic monitoring 
- pattern, i,e., @ the hand first 
-@ working to the face and head 
73) proceeding down the Besy. to 

ihe. feet. ; | 


Per sonnel monitoring may also. i 
refer to the use of film badges 


and pocket chambers to Select 
external radiation exposure. 
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of the three steps: outlined. on this and the following page: 2 
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SUMMARY 








The information presented thus 
far indicates that the increased 
production of radioactive 
material throughout the world 
results in the presence of 
undesirable sources of 
radiation. These radiations 
must be detected and controlled, 
for they can produce harmful 
biological effects. 


Sufficient specific information 
has been given to show that the 
average civilian or military 
person can prepare himself to 
operate effectively in the field 
of radiological safety if it 
becomes necessary. 


Radesafe measures have been described showing that radiological 
safety is not an end in itself but is a means to control situations 
which might otherwise be harmful. These measures will permit 
work to proceed in areas where long delay in production, either 
military or civilian, might be disastrous. 


The principles of fission and fusion have been illustrated. The 
various types of protection against harmful radiations have been 


discussed. 


Material has been presented 
on the use of radiacs, which 
are the tools of monitors. 
The physical measurements 
have to be translated into 
terms of danger to health. 


The radiation monitor must 
be familiar with dosage control 
for external radiations and 
employ techniques involving | 
time, distance, and shielding. 
He must understand control of 
internal contamination and 
employ protective techniques 
against inhalation, ingestion 
and absorption of radioactive 
materials into the body. 


Methods of marking radioactive 
contamination, zone control of 
contamination, decontamination 
procedures, and protective 
clothing and equipment have 
been cited as necessary to 
radiological safety and to the 
monitor's work. 
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Whatever the situation - radiation with little contamination, con- 
tamination without much external radiation, or high hazard from 
both - proper instruments with technical knowledge and some 
COMMON SENSE can minimize the danger. The rule is: 


NO UNNECESSARY EXPOSURE !! 
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